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(54) Thermometer coding circuitry 

(57) Coding circuitry (34), for use for example in se- 
lecting cells of a cell array in a digital-to-analog convert- 
er, produces first and second sets of thermometer-cod- 
ed output signals in dependence upon a binary input sig- 
nal. As the input signal increases progressively in value 
from a first value to a second value, the first-set output 
signals (COLA) are activated in a predetermined se- 
quence and the second-set output signals (COLB) are 
deactivated in a predetermined sequence. As the input 
signal increases progressively in value from the second 
value to a third value, the first-set output signals are de- 
activated in a predetermined sequence and the second- 
set output signals are activated in a predetermined se- 
quence. 

Such coding circuitry reduces the numbers of out- 
put signals that change in response to changes in the 
input-signal value. [FIGURE 6] 

In another embodiment (Figure 12) the coding cir- 
cuitry includes respective row, column and depth decod- 
ers (58, 56, 54). The row decoder receives the two most 
significant bits S4 and S5 of a binary input word and de- 
rives therefrom a set of thermometer-coded row selec- 
tion signals (ROWO-2). The column decoder receives 
the two middle-order bits S2 and S3 of the binary input 
word and derives therefrom at least one set of thermom- 
eter-coded column selection signals (COLAO-2, 
COLBO-2). The depth decoder receives the two least- 
significant bits SO and S1 of the binary input word and 
derives therefrom at least one set of thermometer-cod- 
ed depth selection signals (DEPA0-2,DEPB0-2). 

Such coding circuitry can enable selection of ele- 
ments from amongst a large array of elements using on- 
ly a small number of thermometer-coded signals. 
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Description 

[0001] The present invention relates to thermonneter 
coding circuitry for use, for example, in digital-to-analog 
converters. 

[0002] Figure 1 of the accompanying drawings shows 
parts of a conventional digital-to-analog converter 
(DAC) of the so-called "current-steering" type. The DAC 
1 is designed to convert an m-bit digital input word 
(D1 -Dm) into a corresponding analog output signal. 
[0003] The DAC 1 includes a plurality (n) of identical 
current sources 2^ to 2^, where n=2'^ -1. Each current 
source 2 passes a substantially constant current I. The 
DAC 1 further Includes a plurality of differential switching 
circuits 4^ to \ corresponding respectively to the n cur- 
rent sources 2-, to 2^. Each differential switching circuit 
4 is connected to its corresponding current source 2 and 
switches the current I produced by the current source 
either to a first terminal, connected to a first connection 
line A of the converter, or a second terminal connected 
to a second connection line B of the converter. 
[0004] Each differential switching circuit 4 receives 
one of a plurality of control signals T1 to Tn (called "ther- 
mometer-coded signals" for reasons explained herein- 
after) and selects either its first terminal or its second 
terminal in accordance with the value of the signal con- 
cerned. A first output current 1^^ of the DAC 1 is the sum 
of the respective currents delivered to the differential- 
switching-circuit first terminals, and a second output cur- 
rent Ig of the DAC 1 is the sum of the respective currents 
delivered to the differential-switching-circuit second ter- 
minals. 

[0005] The analog output signal is the voltage differ- 
ence V^-Vb between a voltage produced by sinking 
the first output current 1^^ of the DAC 1 into a resistance 

R and a voltage Vg produced by sinking the second out- 
put current Ig of the converter into another resistance R. 
[0006] In the Figure 1 DAC the thermometer-coded 
signals T1 to Tn are derived from the binary input word 
Dl-Dm by a binary-thermometer decoder 6. The decod- 
er 6 operates as follows. 

[0007] When the binary input word Dl-Dm has the 
lowest value the thermometer-coded signals T1-Tn are 

such that each of the differential switching circuits 4-, to 
4p selects its second terminal so that all of the current 
sources 2-, to 2^ are connected to the second connec- 
tion line B. In this state, V^^ = 0 and Vg = nIR. The analog 
output signal V^^-Vg = -nIR. 

[0008] As the binary input word D1 -Dm increases pro- 
gressively in value, the thermometer-coded signals T1 
to Tn produced by the decoder 6 are such that more of 
the differential switching circuits select their respective 
first terminals (starting from the differential switching cir- 
cuit 4-, ) without any differential switching circuit that has 
already selected its first terminal switching back to its 
second terminal. When the binary input word D1-Dm 
has the value i, the first i differential switching circuits 4i 
to 4j select their respective first terminals, whereas the 



remaining n-i differential switching circuits 4j^-, to 4^ se- 
lect their respective second terminals. The analog out- 
put signal V^-Vg is equal to (2i-n)IR. 
[0009] Figure 2 shows an example of the thermome- 
s ter-coded signals generated for a three-bit binary input 
word D1 -D3 (i.e. in this example m=3). In this case, sev- 
en thermometer-coded signals T1 to T7 are required 
{n=2^ -1=7). 

[0010] As Figure 2 shows, the thermometer-coded 
signals T1 to Tn generated by the binary-thermometer 

decoder 6 follow a so-called thermometer code in which 
it is known that when an rth-order signal Tr is activated 
(set to "1 "), all of the lower-order signals T1 to Tr-1 will 
also be activated. 

[001 1 ] Thermometer coding is popular in D ACs of the 

current-steering type because, as the binary input word 
increases, more cu rrent sources are switched to the first 
connection line A without any current source that is al- 
ready switched to that line A being switched to the other 
line B. Accordingly, the input/output characteristic of the 
DAC is monotonic and the glitch impulse resulting from 
a change of 1 in the input word is small. 
[0012] It will be appreciated that the number of current 
sources 2 and corresponding differential switching cir- 
cuits 4 in the Figure 1 architecture is quite large, partic- 
ularly when m is greater than or equal to 6. When m = 
6, for example, n = 63, and 63 current sources and 63 
differential switching circuits are required. In order to 
deal with such a large number of current sources, and 
to enable the thermometer signals to be delivered effi- 
ciently to the different differential switching circuits, it 
has been proposed to arrange the current sources and 
differential switching circuits as a two-dimensional array 
of cells, each cell including one current source and its 
associated differential switching circuit. This arrange- 
ment is shown in Figure 3. 

[0013] In Figure 3, 64 cells CLy are arranged in an 8 
x 8 square array having eight rows and eight columns. 
In Figure 3, the first digit of the suffix applied to each cell 
denotes the row in which the cell is located and the sec- 
ond digit of the suffix denotes the column in which the 
cell is located. Thus, the cell CL-jg is the cell in row 1, 
column 8. 

[0014] Each cell CLy includes its own current source 
2 and its own differential switching circuit 4. The respec- 
tive first terminals of the cells of the array are connected 
together to a first connection line A of the DAC and the 
respective second terminals of the cells of the array are 
connected together to a second connection line B of the 
DAC, as in the Figure 1 DAC. 

[001 5] In order to avoid having to generate and supply 
different respective thermometer-coded signals to all 
the cells of the array, a two-stage decoding process is 
adopted to convert the binary input word D1 -D6 into the 
respective thermometer-coded control signals T re- 
quired by the differential switching circuits 4 in the dif- 
ferent cells. The first stage of this two-stage decoding 
process is carried out by respective row and column de- 
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coders 12 and 14, and the second stage is carried out 
by a local decoder 16 provided for each cell. 
[001 6] The three lower-order bits D1 -D3 of the binary 
input word are applied to the column decoder 14 which 
derives therefrom seven thermometer-coded column 
selection signals in accordance with Figure 2. The row 
decoder 12 receives the three higher-order bits D4-D6 
of the input word and derives therefrom seven thermom- 
eter-coded row selection signals, also in accordance 
with Figure 2. The row and column selection signals are 
distributed to the cells of the array 
[0017] In each cell the local decoder 16 combines the 
row and column selection signals to derive therefrom the 
required local control signal T for the differential switch- 
ing circuit 4 of the cell concerned. In practice, the local 
decoder 1 6 in each cell does not need to employ all sev- 
en row and column selection signals to produce the re- 
quired local control signal T. This is because, for any 
digital input word, the rows of the matrix fall into one of 
three different states: (1) rows in which the respective 
differential switching circuits of all cells of the row select 
the second terminal; (2) rows in which the respective 
differential switching circuits of all cells of the row select 
the first terminal; and (3) a (unique) row in which the 
differential switching circuits of one or more cells of the 
row select the second terminal whereas the differential 
switching circuits of one or more other cells of the row 
select the first terminal. In view of these limited possi- 
bilities, it is possible for each local decoder to derive its 
local control signal T simply by combining two of the row 
selection signals r^ and r^+i and one of the column se- 
lection signals c^^. 

[0018] One problem which arises in the Figure 3 ar- 
rangement is that the lines which connect the first and 
second terminals of the differential switching circuit 4 of 
each cell to the first and second connection lines A and 
B (Figure 1) inevitably experience a significant amount 
of coupling from the digital row and column selection sig- 
nals that propagate in orthogonal directions across the 
array. When the row and column decoders 12 and 14 
and local decoder 16 are formed from CMOS circuitry, 
the row and column selection signals normally change 
between Vdd and Vss and are single-ended, resulting 
in substantial coupling to the analog outputs. 
[0019] According to afirst aspect of the present inven- 
tion, there is provided coding circuitry, for producing a 
first set of thermometer-coded output signals in depend- 
ence upon a binary input signal, wherein, as the input 
signal increases progressively in value from a first value 
to a second value, the first-set output signals are acti- 
vated in a predetermined sequence and, as the input 
signal increases progressively in value from the said 
second value to a third value, the first-set output signals 
are deactivated in a predetermined sequence. 
[0020] In such circuitry the output signals are not all 
deactivated when the input-signal value is changed from 
the second value to the next-highest value. Accordingly, 
a large glitch is avoided at the second value. 



[0021] "Activated" in relation to an output signal 
means that the signal changes from afirst logic level to 
a second logic level. "Deactivation" means that the sig- 
nal changes from the second logic level to the first logic 
s level. For example the first and second logic levels may 
be the low logic level "L" (or "0") and "H" (or "1 ") respec- 
tively. 

[0022] Preferably, when the input-signal value chang- 
es from any value to the next-highest value or to the 
next-lowest value, at most one of the first-set output sig- 
nals is activated or deactivated. This keeps glitches to 

a minimum. 

[0023] It is not necessary for there to be a change in 
the first-set output signals for every unit change in the 
input-signal value. For example, in one preferred em- 
bodiment, when the input signal decreases in value from 
the said second value to the next-lowest value, none of 
the first-set output signals is changed. Such an embod- 
iment can be used, for example, when there is another 
set of output signals derived from the input signal, which 
other set undergoes an output-signal change when the 
input-signal value changes from the second value to the 
next-lowest value. 

[0024] Preferably, the predetermined activation and 
deactivation sequences for the first-set output signals 
are such that the first output signal to be activated in the 
activation sequence is the last output signal to be deac- 
tivated in the deactivation sequence. Alternatively, the 
activation and deactivation sequences could be the 
same. 

[0025] In a preferred embodiment, the coding circuitry 
is further operable to produce a second set of thermom- 
eter-coded output signals in dependence upon the said 
binary input signal such that, as the input signal increas- 
es progressively in value from the said first value to the 
said second value, the second-set output signals are de- 
activated in a predetermined sequence and, as the input 
signal increases progressively in value from the said 
second value to the said third value, the second-set out- 
put signals are activated in a predetermined sequence. 
[0026] In this case each output signal of the first set 
can be regarded as having an individually-correspond- 
ing output signal of the second set, which two output 
signals can be delivered as a output-signal pair to a line 
of circuit elements, e.g. a column in a two-dimensional 
array of the elements. Even-numbered circuit elements 
along the column use as their selection signal one out- 
put signal of the pair (e.g. the first-set output signal) 
whereas odd-numbered circuit elements of the column 
use as their selection signal the other output signal of 
the pair (e.g. the second-set output signal). This enables 
the circuit elements in even -numbered rows to be acti- 
vated in the same sequence as circuit elements in the 
odd-numbered rows, without the need to supply more 
than two output signals to each column and without the 
need for complex further decoding logic associated with 
each circuit element. 

[0027] As with the first-set output signals, it is pref er- 
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able that when the input-signal value changes from any 
value to the next-highest value orthe next-lowest value, 
at most only one second-set output signal is activated 
or deactivated. Similarly, when the input signal decreas- 
es from the said second value to the next-lowest value, 
it is possible that none of the second-set output signals 
is changed, for example when there is another set of 
output signals derived from the input signal that under- 
goes an output-signal change when the input-signal val- 
ue changes from the second value to the next-lowest 
value. 

[0028] It is preferable that when the input signal 
changes from one value to another value the number of 
output signals that are deactivated in one of the first and 
second output-signal sets is equal to the number of out- 
put signals that are activated in the other of the first and 
second output-signal sets. This means that the changes 
in the two sets of output signals cancel one another out 
for noise purposes. 

[0029] According to a second aspect of the present 
invention there is provided cell array circuitry including: 
a plurality of cells arrayed logically (i.e. not necessarily 
physically) in rows and columns, each cell of the array 
having local decoder means connected for receiving a 
row selection signal corresponding to its row and a col- 
umn selection signal corresponding to its column, and 
operable, in dependence upon the received row and col- 
umn selection signals, to produce a control signal for 
use in controlling a predetermined operation of the cell; 
a row decoder for producing the said row selection sig- 
nals corresponding respectively to the said rows; and a 
column decoder, comprising coding circuitry embodying 
the aforesaid first aspect of the present invention, the 
said column selection signals corresponding respec- 
tively to the said columns being provided by the said out- 
put signals of the coding circuitry. 
[0030] In such circuitry the cells of the array can be 
selected efficiently using only one or two row selection 
signals per row and one or two column selection signals 
per column, without the problems associated with a full 
set of column selection signals changing at certain in- 
put-signal values. 

[0031] The cells may contain any suitable circuitry, for 
example current sources or current sinks, resistance el- 
ements, capacitance elements, mixers etc. 
[0032] The predetermined operation may be any type 
of operation of the cell. For example, it could be a switch- 
ing or selection operation for switching on or off, or con- 
trolling the output path of, an (analog) output signal of 
the cell. 

[0033] It is not necessary for the local decoder means 
of each cell to be located with the other circuitry belong- 
ing to the cell. For example, the analog circuitry of the 
cells may be located in a physical array, with the local 
decoder means (digital circuitry) of the cells located 
around the periphery of the physical array containing the 
analog circuitry. This can enable the analog and digital 
circuitry to be physically separate, so that coupling of 



noise from the digital circuitry to the analog circuitry is 
reduced. Also, by concentrating the analog circuitry of 
different cells in a small area, the physical and electrical 
conditions of the analog circuitry of different cells can 

s be closely matched. 

[0034] The local decoder means associated with each 
cell can have a simple construction (e.g. two logic 
gates); contributing to low signal propagation delays as 
well as low cost. It is not necessary for the local decoder 

10 means to be located in its associated cell. 

[0035] Preferably the said row selection signals are 
also thermometer-coded signals, so as to minimise 
glitches associated with the row selection. In this case, 
each cell may also be connected for receiving the row 

15 selection signal corresponding to the next row of the ar- 
ray so as to enable the local decoder means to respond 
to the column selection signal for the cell differently de- 
pending on whether or not the row in which the cell is 
located is the highest-numbered row to be selected. 

20 [0036] There may be only one set of column selection 
signals, in which case each cell only receives one such 
column selection signal. For example, the array of cells 
may be regarded as having alternate first and second 
rows (logically alternate, not necessarily physically al- 

25 ternate). In this case, the local decoder means in first- 
row cells is different from the local decoder means in 
second-row cells. For example, the local decoder 
means in each first-row cell is operable to produce its 
said control signal when the said row selection signal 

30 corresponding to the cell's row and the said column se- 
lection signal corresponding to the cell's column are 
both activated or when the said row selection signal cor- 
responding to the next row is activated. The local de- 
coder means in each second-row cell, on the other 

35 hand, is operable to produce its said control signal when 
the said row selection signal corresponding to the cell's 
row is activated and the said column selection signal 
corresponding to the cell's column is deactivated or 
when the said row selection signal corresponding to the 

40 next row is activated. 

[0037] In the above arrangement, the selection se- 
quence in the first rows is reversed in comparison with 
the second rows. If it is desired to avoid this reversal, 
the above-mentioned second set of column selection 

45 signals should be produced by the coding circuitry in 
addition to the first set. Then, each column can have 
respective first and second column selection signals 
corresponding to the column concerned, the first column 
selection signals corresponding to the different columns 

50 being provided respectively by the first-set output sig- 
nals of the coding circuitry and the second column se- 
lection signals corresponding to the different columns 
being provided respectively by the second-set output 
signals of the coding circuitry. The cell array can then 

55 be regarded as having alternate first and second rows 
(logically alternate, not necessarily physically alternate). 
For each column of the array, the local decoder means 
of first-row cells of the column concerned are connected 
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to receive the said first column selection signal corre- 
sponding to the column concerned, and the local decod- 
er means of second-row cells of the column concerned 
are connected to receive the second column selection 
signal corresponding to the column concerned. In this 
case, the selection sequences in the first and second 
rows are the same, even though each local decoder 
means only receives one column selection signal. If the 
cells are arrayed physically (as well as logically) in rows 
and columns, the distribution of selection signals is still 
convenient as on ly two column selection signals per col- 
umn are required. 

[0038] The logic required in the local decoder means 
of each cell is desirably simple and can be the same for 
all cells (both first-row cells and second-row cells), sim- 
plifying the design. For example, the said local decoder 
means in each cell is operable to produce its said control 
signal when the said row selection signal corresponding 
to the cell's row and the said column selection signal 
corresponding to the cell's column are both activated or 
when the said row selection signal corresponding to the 
next row of the array is activated. 
[0039] In a preferred embodiment, the row decoder is 
connected for receiving a first portion (e.g. two or more 
most-significant bits) of a binary input-word signal ap- 
plied to the cell array circuitry and produces the said row 
selection signals in dependence upon the first portion, 
and the said column decoder is connected for receiving 
a second portion (e.g. two or more least-significant bits) 
of that binary input-word signal, which portion consti- 
tutes the said binary input signal of the said coding cir- 
cuitry. I nth is way, a single binary input word can be used 
conveniently to select the cells of the array. For exam- 
ple, when the input word has the value i, the first i cells 
of the array are selected. 

[0040] According to a third aspect of the present in- 
vention there is provided a digital-to-analog converter 
including cell array circuitry embodying the aforesaid 
second aspect of the invention, wherein each of the said 
cells comprises a current source or current sink and a 
switch circuit having an input connected to the current 
source/sink of the cell and also having respective first 
and second outputs, and operable selectively, in de- 
pendence upon the said control signal, to connect its 
said input to its said first output or to its said second 
output. 

[0041] According to a fourth aspect of the present in- 
vention there is provided coding circuitry, for producing 
thermometer-coded output signals in dependence upon 
binary input signals, including: first coding means con- 
nected for receiving a first binary input signal and oper- 
able to derive therefrom a first set of thermometer-coded 
output signals; second coding means connected for re- 
ceiving a second binary input signal and operable to de- 
rive therefrom a second set of thermometer-coded out- 
put signals; and third coding means connected for re- 
ceiving a third binary input signal and operable to derive 
therefrom a third set of thermometer-coded output sig- 



nals. 

[0042] In such coding circuitry the three sets of output 
signals can enable a small total number of output signals 
to be used to select circuit elements of a large array (log- 

s ical array not necessarily physical) using desirably sim- 
ple logic. The propagation delays associated with the 
coding circuitry can be desirably uniform and short. 
[0043] The first, second and third binary input signals 
may be provided from different respective sources. Pref- 

10 erably, however, at least two, and more preferably all 
three, of the said first, second and third binary input sig- 
nals are derived from a common input-word signal. It is 
convenient to be able to select circuit elements from a 
single input signal. For example, the first, second and 

15 third binary input signals may be derived from different 
respective portions (e.g. most-significant, middle-order, 
and least-significant bits) of the said common input- 
word signal. 

[0044] The output-signal sets may embody conven- 
20 tional thermometer codes. However, the output-signal 
set derived by at least one of the said first, second and 
third coding means is preferably a smoothed output-sig- 
nal set of the type produced by coding circuitry embod- 
ying the aforesaid first aspect of the invention. This re- 
25 duces glitches associated with the selection signals of 
a set all changing at certain input-signal values. 
[0045] Further, the or each coding means that derives 
such a smoothed output-signal set is also preferably op- 
erable to derive two such smoothed sets of the ther- 
30 mometer-coded output signals. This has advantages in 
ensuring consistency in the selection sequences of dif- 
ferent lines of the circuit elements. 
[0046] According to a fifth aspect of the present inven- 
tion there is provided cell array circuitry including: a plu- 
35 rality of cells arrayed logically (not necessarily physically 
as well) in respective first, second and third dimensions 
(e.g. row, column and depth directions), each cell of the 
array having local decoder means connected for receiv- 
ing a first-dimension selection signal (e.g. a row selec- 
40 tion signal) corresponding to its first-dimension position 
in the array and a second-dimension selection signal (e. 
g. a column selection signal) corresponding to its sec- 
ond-dimension position in the array and a third-dimen- 
sion selection signal (e.g. a depth selection signal) cor- 
45 responding to its third-dimension position in the array 
and operable, in dependence upon the received selec- 
tion signals, to produce a control signal for use in con- 
trolling a predetermined operation of the cell; and coding 
circuitry embodying the aforesaid fourth aspect of the 
50 present invention, the said first-dimension, second-di- 
mension and third-dimension selection signals being 
provided by the said first, second and third output-signal 
sets respectively. 

[0047] Each cell is preferably also connected for re- 
55 ceiving the row selection signal corresponding to the 
next row of the array and the column selection signal 
corresponding to the next column of the array. This can 
enable the local decoder means to respond to the col- 
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umn selection signal for its cell ditferently depending on 
whether or not the row in which the cell is located is the 
highest-numbered row to be selected, and to respond 
to the depth selection signal for its cell differently de- 
pending on whether or not the column in which the cell 
is located is the highest-numbered column to be select- 
ed. 

[0048] Preferably, the third coding means in the cod- 
ing circuitry are operable to produce two such smoothed 
output-signal sets serving to provide, for each third-di- 
mension position, a first third-dimension selection signal 
corresponding to that position and a second third-di- 
mension selection signal corresponding to that position. 
In this case, the cell array can be considered as having 
alternate (logically alternate, not necessarily physically 
alternate) first and second second-dimension positions. 
For each third-dimension position, the local decoder 
means of cells at the first second-dimension positions 
are connected to receive the said first third-dimension 
selection signal corresponding to the third-dimension 
position concerned; and the local decoder means of 
cells at the second second-dimension positions are con- 
nected to receive the said second third-dimension se- 
lection signal corresponding to the third-dimension po- 
sition concerned. This enables the selection sequences 
in the second-dimension lines (e.g. the columns) to be 
the same. 

[0049] Alternatively, or in addition, the said second 
coding means in the coding circuitry are operable to pro- 
duce two such smoothed output-signal sets serving to 
provide, for each second-dimension position, a first sec- 
ond-dimension selection signal corresponding to that 
position and a second second-dimension selection sig- 
nal corresponding to that position. In this case, the cell 
array can be regarded as having alternate first and sec- 
ond first-dimension positions. For each second-dimen- 
sion position, the local decoder means of cells at the first 
first-dimension positions are connected to receive the 
said first second-dimension selection signal corre- 
sponding to the second-dimension position concerned, 
and the local decoder means cells at the second first- 
dimension positions are connected to receive the said 
second second-dimension selection signal correspond- 
ing to the second-dimension position concerned. This 
enables the selection sequences in the first-dimension 
lines (e.g. the rows) to be the same. 
[0050] According to a sixth aspect of the present in- 
vention there is provided a digital-to-analog converter 
including cell array circuitry embodying the aforesaid 
fifth aspect of the present invention, wherein each of the 
said cells comprises a current source or cu rrent sink and 
a switch circuit having an input connected to the current 
source/sink of the cell and also having respective first 
and second outputs, and operable selectively, in de- 
pendence upon the said control signal, to connect its 
said input to its said first output or to its said second 
output. 

[0051] Embodiments of the aforesaid third or sixth as- 



pect of the present invention can provide a current- 
steered DAC in which glitches in the analog output sig- 
nal are reduced highly effectively. 
[0052] The current source/sink circuits of the cells 
s may be located together in a physical array, with the lo- 
cal decoder means and switch circuits located separate- 
ly from the physical array e.g. as peripheral circuits, so 
as to isolate the analog and digital circuitry and thereby 
improve noise immunity. Also, by concentrating the cur- 
rent source/sink circuits together in one place it is pos- 
sible to improve the matching between the closely-prox- 
imate source/sink circuits. 

[0053] The DAC may be of the fully or partially seg- 
mented type, in which case the respective current sourc- 
es/sinks of the said cells source/sink identical currents. 
Alternatively, the currents sourced/sunk by different 
cells may be different from one another. 
[0054] One of the first and second outputs of each 
switch circuit may be connected to a fixed-potential line 
such as ground, the other switch-element outputs being 
connected in common to a summing path of the convert- 
er. However, in a preferred embodiment the respective 
first outputs of the cells are connected together to a first 
summing path of the converter and the respective sec- 
ond outputs of the cells are connected together to a sec- 
ond summing path of the converter. In this type of DAC 
the analog output signal of the converter is of the differ- 
ential type which has advantages in terms of connecting 
the DAG to further circuitry for processing the analog 
output. For example, the differential output signal can 
be delivered by long signal lines to a transformer or the 
like without significant noise-related problems. 
[0055] Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 

Figure 1 , discussed hereinbefore, shows parts of a 
conventional DAC; 

Figure 2, also discussed hereinbefore, presents a 
table showing thermometer-coded signals derived 

from a binary input word; 

Figure 3, also discussed hereinbefore, shows a 
two-dimensional array of cells previously proposed 
for use in a DAC; 

Figure 4 shows schematically an array of cells in a 
DAC according to a first embodiment of the present 
invention; 

Figure 5 shows an example constitution of one of 
the cells in the Figure 4 cell array; 
Figure 6 shows parts of input circuitry of a DAC ac- 
cording to the first embodiment; 
Figures 7(A) to 7(C) show examples of the consti- 
tution of a column decoder in the Figure 6 input cir- 
cuitry; 

Figure 8 shows an example constitution of a row 
decoder in the Figure 6 input circuitry; 
Figure 9 presents a table showing row and column 
selection signals produced by the Figure 6 input cir- 
cuitry in response to different values of a binary in- 
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put word; 

Figure 10 shows schematically an array of cells in 
a DAC according to a second embodiment of the 
present invention; 

Figure 11 shows an example constitution of one of 
the cells in the Figure 10 cell array; 
Figure 12 shows parts of input circuitry of a DAC 
according to the second embodiment; 
Figure 1 3 shows an example constitution of a depth 
decoder in the Figure 12 input circuitry; 
Figure 14 shows an example constitution of a col- 
umn decoder in the Figure 12 input circuitry; 
Figure 15 shows an example constitution of a row 
decoder in the Figure 12 Input circuitry; and 
Figure 1 6 presents a table showing respective row, 
column and depth selection signals produced by the 
Figure 1 2 input circuitry in response to different val- 
ues of a binary input word. 

[0056] Figure 4 shows an arrangement of cells in eight 

rows and eight columns, suitable for use in a DAC ac- 
cording to a first embodiment of the present invention. 
As shown in Figure 5, each cell includes a current 
source 2 and a differential switching circuit 4 which, in 
accordance with a control signal T applied to it, selects 
either to deliver the current I generated by the current 
source 2 to a first output terminal OUT^ of the cell or to 
a second output terminal OUTb of the cell. The respec- 
tive output terminals OUT^^ of the different cells are con- 
nected together to a first summing path (not shown) and 
the respective output terminals OUTg of the different 
cells are also connected together to a second summing 
path (not shown). 

[0057] Incidentally, the numbers allocated to the cells 
in Figure 4 denote the order in which the cells are 

caused to change from selecting their respective sec- 
ond output terminals to selecting their respective first 
output terminals as the binary input word of the DAC 
increases in value. For example, when the input word 
has the value 13, the first 14 cells (0 to 13) select their 
first output terminals and the remaining cells (14 to 63) 
select their second output terminals. Cell 0 always se- 
lects its first output terminal in this embodiment. 
[0058] Each cell further comprises a local decoder 26 
which, in this embodiment, comprises a two-input AND 
gate 28 and a two-input OR gate 30. The local decoder 
26 of the cell receives first and second row signals r^^-, 
and r„ and a column signal c^. 

[0059] The two row signals r^^^ and r^, and the column 
signal Cp applied to the local decoder 26 of each cell are 
provided by a set of "normal" thermometer-coded row 
selection signals ROW 0-6 and by two sets of 
"smoothed" thermometer-coded column selection sig- 
nals COL A0~6 and COL B0~6 , as shown schemati- 
cally in Figure 4. 

[0060] Dealing firstly with the rows, all eight cells in 
any particular row of the cell array receive the same two 
row signals r^ and r^^-, . The thermometer-coded row se- 



lection signals ROW 0 to ROW 6 correspond respec- 
tively to rows 0 to 6 of the Figure 4 cell array. 
[0061] In each of rows 0 to 6 the cells of the row re- 
ceive, as the first row signal rp^.-, , the row selection signal 
s corresponding to the row concerned. The first row signal 
r^^i for the cells of row 7 is simply set permanently to 
logic level "0". 

[0062] In each of rows 1 to 7, the cells of the row also 
receive, as the second row signal r^, the row selection 
10 signal corresponding to the preceding row of the cell ar- 
ray. In the case of row 0, the second row signal r^ for all 
of the cells of the row is simply set permanently to logic 
level "1". 

[0063] For example, as shown in Figure 4, the eight 
15 cells numbered 16 to 23 of row 2 each receive as the 
first row signal rr,+-| the row selection signal ROW 2 cor- 
responding to that row and receive as the second row 
signal r^ the row selection signal ROW 1 corresponding 
to the preceding row 1 of the cell array. 
20 [0064] In the column direction, as shown in Figure 4 
there are two sets of thermometer-coded column selec- 
tion signals COL A and COL B. Each of columns 1 to 7 
has a corresponding COL A selection signal and a cor- 
responding COL B selection signal. For example, col- 
25 umn 1 has a first corresponding column selection signal 
COL AO and a second corresponding column selection 
signal COL BO. 

[0065] Within each column, the cells of the even-num- 
bered rows (row 0, 2, 4 and 6) receive as the column 
30 signal c^ the corresponding COL A selection signal, 
whereas the cells in odd-numbered rows of the column 
receive as the column signal c^ the corresponding COL 
B selection signal. By way of example, Figure 4 shows 
the column signals c^ for the different cells of column 2 
35 (cells 2, 1 0, 1 8, 26, 34, 42, 50 and 58). For each of the 
cells in the even-numbered rows (cells 2, 18, 34 and 50), 
Cp = COL A1 , whereas for each of the cells in the odd- 
numbered rows (10, 26, 42 and 58) c^ = COL B1 . 
[0066] The cells of column 1 each have the column 
40 signal c^ set permanently to logic "1 ". 

[0067] Referring next to Figures 6-9, the way in which 
the row selection signals ROW 0 to ROW 6 and the two 
sets of column selection signals COL A and COL B are 
generated will now be described. As shown in Figure 6, 
45 the DAC according to the first embodiment comprises 
an input latch 32 to which a six-bit binary input word 
D0-D5 is applied. The input latch 32 latches each bit DO 
to D5 of the binary input word in dependence upon a 
clock signal CLK applied to the latch 32. The latch has 
50 six pairs of mutually-complementary outputs SO, SO SI , 
S 1 , . . . S5, S 5 corresponding respectively to the different 
bits DO to D5 of the binary input word. 
[0068] The three lower-order outputs SO/SO, S1/S1 
and S2/S2 are connected to respective complementary 
55 inputs lO/TO, 11/Tl and 12/12 of a column decoder 34. A 
further input 13 of the column decoder 34 is connected 
to the output S3 of the input latch 32. 
[0069] The three higher-order outputs S3/S3, S4/S4 
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and S5/S5 are applied to respective complementary in- 
puts lO/To, 11/Tl and 12/12 of a row decoder 36. 
[0070] The construction and operation ot the column 
decoder 34 will now be explained with reference to Fig- 
ures 7(A) to 7(C). 

[0071] As shown in Figure 7(A) each pair of comple- 
mentary inputs of the column decoder 34 is connected 
to a different multiplexer IVIO to M2. A selection input of 
each multiplexer MO to M2 is connected to the 13 input 
of the column decoder 34. The multiplexer MO produces 
an output signal C, the multiplexer Ml produces an out- 
put signal B, and the multiplexer M2 produces an output 
signal A. 

[0072] In operation of the column decoder 34, each 
multiplexer MO to M2 selects one of its two complemen- 
tary inputs according to the value of the signal applied 
to the 13 input of the column decoder 34. For example, 
the multiplexer MO selects the 10 input when the 13 input 
is 0 and selects theTO input when the 13 input is 1 . The 
signal at the selected input is delivered by the multiplex- 
er MO as the output signal C thereof. The multiplexers 
Ml and M2 function in a similar manner to the multiplex- 
er MO. 

[0073] The first set of column selection signals COL 
AO to COL A6 is generated by a first group of gates GA1 
as shown in Figure 7(B). For example, the column se- 
lection signal COL AO is generated by a three-input OR 
gate which produces the logical-OR of the output signals 
A to C of the multiplexers. 

[0074] The second set of column selection signals 
COL BO to COL B6 is generated by a second group of 
gates GA2 as shown in Figure 7(C). For example, the 
column selection signal COL BO is generated by a three- 
input NAND gate which produces the logical-NAND of 
the output signals A to C of the multiplexers MO to M2. 
[0075] The row decoder 36 of Figure 6 is implemented 
by circuitry similar to the column decoder 34. However, 
as shown in Figure 8, in this case only a group of gates 
GAS corresponding to the first group of gates GA1 (Fig- 
ure 7(B)) of the column decoder 34 is required, which 
gates GA3 are driven directly by the signals S3-S5 re- 
ceived respectively at the 10-12 inputs of the row decod- 
er. The multiplexers MO to M2 (Figure 7(A)) and the sec- 
ond set of gates GA2 (Figure 7(C)) of the column de- 
coder 34 are not required for the row decoder 36. 
[0076] Figure 9 presents a table showing the row se- 
lection signals and column selection signals produced 
by the row and column decoders 34 and 36 of Figure 6. 
It can be seen from Figure 9 that, whereas the row se- 
lection signals ROW 0~6 are thermometer-coded in the 
normal (conventional) manner, each set COL A0~6 and 
COL B0~6 of column selection signals is thermometer- 
coded in a modified or smoothed manner such that there 
is no return to zero after a full-scale value (e.g. see COL 
A when the input-word value changes from 7 to 8). 
[0077] In the conventional row-and-column (two di- 
mensional) thermometer coding technique, on the other 
hand, only one set of normally-coded column selection 



signals is used and these column selection signals 
change from being all 1 's to being all O's whenever there 
is a change in the row selection signals, e.g. when the 
input word changes from 7 to 8. This leads to eight sig- 

s nals being changed (all of the column selection signals 
and one of the row selection signals) simultaneously, 
giving rise to significant coupling from the digital selec- 
tion signals to the analog outputs of the cells. 
[0078] Referring to Figure 9 it can be seen that when 

10 the input word changes by 1 , at most on ly one of the row 
selection signals changes. When such a row-selection- 
signal change occurs, there is no change in either set 
of column selection signals COL A or COL B - see for 
example input codes 7 and 8 which produce the same 

15 column selection signals COL A and COL B. 

[0079] Similarly, for other increases of 1 in the value 
of the input word, none of the row selection signals ROW 
0 to ROW 6 changes and at most only one signal in each 
of the sets COL Aand COL B of column selection signals 

20 changes - see for example the change in input word from 
3 to 4. 

[0080] It will also be appreciated from comparing the 
COL A and COL B sequences in Figure 9 that whenever 
the input-word value changes, such that one or more 

25 column selection signals of COL A change, the same 
number of column selection signals of COL B undergo 
changes complementary to the COL A changes. The 
equal numbers of complementary changes cancel one 
another out, such that the noise effect on the power sup- 

30 ply is minimised. Thus, even though the use of the two 
sets of column selection signals COL A and COL B 
means that there are 21 selection signals in total to dis- 
tribute to the different cells, the effective noise level cor- 
responds only to 7 signals (the number of row selection 

55 signals) because the two sets of column selection sig- 
nals cancel one another out for noise purposes. 
[0081] It will be understood that when using a 
smoothed set COL A of column selection signals it is not 
necessary to provide the second set COL B of column 

40 selection signals in every embodiment. For example, it 
would be possible to provide local decoders in the cells 
of the odd-numbered rows, 1, 3, 5 and 7 that are different 
from the local decoders 26 (Figure 5) provided in the 
cells of the even-numbered rows 0, 2, 4 and 6. In this 

45 case, all cells of a column would receive the correspond- 
ing COL A selection signal but instead of performing the 
logical function T = r^^^^ + (r^.c^), the local decoders in 
the cells of odd-numbered rows would perform the log- 
ical function T = r^+i + (rn-C^). In this case, the order of 

50 the cells in the even-numbered rows is as shown in Fig- 
ure 4, but in the odd-numbered rows the order of the 
cells is reversed. Thus, for example, in row 1 the order 
of the cells from left to right would be 15, 14, 13, 12, 11 , 
10, 9, 8. This order reversal, however, poses no practical 

55 problems. In terms of "noise level", however such an 
approach is equivalent to 14 signals. Nonetheless, there 
is still the advantage that not more than one of the row 
and column selection signals changes in response to a 
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change of one in the value of the input word. 
[0082] It will also be understood that although the cells 
are shown in Figure 4 as being arrayed physically in 
rows and columns, it is not essential that such a row- 
and-column physical arrangement be used, and only a 
"logical" row-and-column arrangement is necessary. 
For example, the eight rows could be spaced apart or 
staggered or even laid out end-to-end. 
[0083] It will be seen that the worst-case propagation 
delay (as between the outputs of the input latch 32 and 
the control signal T of a cell) in the first embodiment cor- 
responds to four individual gate delays. For example the 
row selection signal COL A4 is produced by two series- 
connected gates of the gate group GA1 (Figure 7(B)), 
and the local decoder 26 in each cell of column 5 that is 
responsive to COL A4 also contains two series-connect- 
ed gates 28 and 30 (Figure 5). 

[0084] Figure 10 shows a three-dimensional array of 
cells for use in a DAC according to a second embodi- 
ment of the present invention. In this embodiment there 
are again 64 cells in total, arranged in a 4 x 4 x 4 cubic 
array. Thus, from front to back (depth direction) there 
are 4 row O's, 4 row 1's, 4 row 2's and 4 row 3's; and 4 
column O's, 4 column 1's, 4 column 2's and 4 column 
3's. From front to back (depth direction) there are 4 lay- 
ers of square cell arrays. Again, the numbers allocated 
to the cells in Figure 10 denote the order in the cells 
change their output-terminal selections as the DAC in- 
put word increases progressively. 
[0085] The constitution of each of the cells in the Fig- 
ure 10 array is shown in Figure 11. 
[0086] In Figure 1 1 , the current source 2 and differen- 
tial switching circuit 4 are the same as in Figure 5 (first 
embodiment) but the local decoder 46 in Figure 11 dif- 
fers from the local decoder 26 in Figure 5. 
[0087] The local decoder 46 in Figure 11 comprises a 
three-input OR gate 52, a first input of which receives a 
first row signal r^+i for the cell concerned. A second in- 
put of the OR gate 52 is connected to the output of a 
two-input AND gate 50 which receives at one input a 
second row signal r^ and at the other input a first column 
signal Cj^^-, . The third input of the OR gate 52 is connect- 
ed to the output of a three-input AND gate 48 which re- 
ceives at its first input the aforementioned second row 
signal r^, and at its second input a second column select 
signal c^ and at its third input a depth signal d^. 
[0088] The derivation of the row, column and depth 
signals for each cell will now be explained with reference 
to Figure 10. In this embodiment there is one "normal" 
set of row selection signals ROW 0-2, two "smoothed" 
sets COL A0~2 and COL B0~2 of column selection sig- 
nals, and two "smoothed" sets DEP AO-2 and DEP 
B0~2 of depth selection signals. 

[0089] For the cells in any row 0, i.e. cells 0 to 15, the 
second row signal r^, is simply set permanently to logic 
1 and the first row signal r^^i is provided by a row se- 
lection signal ROW 0 corresponding to row 0 of the ar- 
ray. For the cells of any row 1 of the array, i.e. cells 16 



to 31 , the second row signal r^ is provided by the row 
selection signal ROW 0 corresponding to the preceding 
row Oof the array and the first row signal r^+i is provided 
by a row selection signal ROW 1 corresponding to row 
s 1 of the array. For the cells of any row 2 (cells 32 to 47) 
r^ = ROW 1 and r^^-i is provided by a row selection signal 
ROW 2 corresponding to row 2 of the array. Finally, for 
the cells of any row 3 (cells 48 to 63) r^ = ROW 2 and 

10 [0090] For the cells of any column 0 (cells 0 to 3, 16 

to 1 9, 32 to 35 and 48 to 51 ) the second column signal 
c^ is set permanently to logic 1 and the first column sig- 
nal Cri^i is provided by a first -set column selection signal 
COL AO if the cell Is in an even row and by a second- 
15 set column selection signal COL BO if the cell is in an 
odd-numbered row. For the cells of any column 1 (cells 
4 to 7, 20 to 23, 36 to 39 and 52 to 55) the second column 
signal c^ is provided by COL AO if the cell is in an even- 
numbered row and by COL BO if the cell is in an odd- 
20 numbered row. The first column signal c^+i is provided 
by a first-set column selection signal COL A1 if the cell 
is in an even-numbered row and by a second-set column 
selection signal COL B1 if the cell is in an odd-numbered 
row. For cells in any column 2 (cells 8 to 11 , 24 to 27, 
25 40 to 43 and 56 to 59), the second column signal c^ is 
provided by COL A1 if the cell is in an even-numbered 
row and by COL B1 if the cell is in an odd-numbered 
row. The first column signal Cn+-| is provided by a first- 
set column selection signal COL A2 if the cell is in an 
30 even-numbered row and by a second-set column selec- 
tion signal COL B2 if the cell is in an odd-numbered row. 
Finally, for the cells in any column 3 (cells 12 to 15, 28 
to 31 , 40 to 47 and 60 to 63) the second column signal 
Cn is provided by COL A2 if the cell is in an even-num- 
35 bered row and by COL B2 if the cell is in an odd-num- 
bered row, and the first column signal c„+i is simply set 
to logic 0. 

[0091] For cells in layer 0 (cells 0, 4, 8,12,1 6, 20, 24, 

28, 32, 36, 40, 44, 48, 52, 56 and 60) the depth signal 
40 dn is simply set to logic 1 . For the cells in layer 1 (cells 

I , 5, 9, 1 3, 1 7, 21 , 25, 29, 33, 37, 41 , 45, 49, 53, 57 and 
61) the depth signal d^ is provided by a first-set depth 
selection signal DEP AO if the cell is in an even-num- 
bered column and by a second-set depth selection sig- 

45 nal DEP BO if the cell is in an odd-numbered column. 
For cells in layer 2 (cells 2, 6, 1 0, 1 4, 1 8, 22, 26, 30, 34, 
38, 42, 46, 50, 54, 58 and 62) the depth signal d^ is pro- 
vided by a first-set depth selection signal DEP Al if the 
cell is in an even-numbered column and by a second- 
50 set depth selection signal DEP B1 if the cell is in an odd- 
numbered column. Finally, for cells in layer 3 (cells 3, 7, 

II , 15, 1 9, 23, 27, 31 , 35, 39, 43, 47. 51 , 55, 59 and 63) 
the depth signal d^ is provided by a first-set depth se- 
lection signal DEP A2 if the cell is in an even-numbered 

55 column and by a second-set depth selection signal DEP 
82 if the cell is in an odd-numbered column. 
[0092] Figure 12 shows decoder circuitry for use in 
producing the row, column and depth selection signals 
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ROW 0 to ROW 2, COL AO to COL A2, COL BO to COL 
B2, DEP AO to DEP A2 and DEP BO to DEP B2. The 
decoder circuitry of Figure 12 includes an input latch 32 
that is constructed and functions in the same way as the 
input latch 32 of the first embodiment (Figure 6). In place 
of the row and column decoders 36 and 34 of the first 
embodiment (Figure 6), however, the decoder circuitry 
of Figure 1 2 includes a depth decoder 54, a column de- 
coder 56 and a row decoder 58. 
[0093] Figure 1 3 shows one example of the possible 
implementation of the depth decoder 54 of Figure 1 2. In 
this example, the depth decoder 54 is implemented by 
six four-input multiplexers Ml to M6. Each multiplexer 
Ml to M6 has three selection inputs and selects one of 
its four inputs in accordance with the signals applied to 
the three selection inputs. In Figures 1 3 to 15, "x" in re- 
lation to a particular selection input denotes a "don't 
care" state in which the selection input concerned can 
be either 1 or 0. 

[0094] Figure 14 shows one possible implementation 
of the column decoder 56 of Figure 12. Again, the col- 
umn decoder in this implementation is constituted by six 
four-input multiplexers M7 to Ml 2. 
[0095] Figure 15 shows one possible implementation 
of the row decoder 58 of Figure 12. In this implementa- 
tion, the row decoder is provided by three four-input mul- 
tiplexers Ml 3 to Ml 5. Each of the multiplexers Ml 3 to 
Ml 5 in Figure 15 is shown to receive at one of its three 
selection inputs a "format signal". This format signal is 
used to denote whether the binary input word DO to D5 
is in unsigned binary or in two's complement notation. 
The use of such a format signal is an optional feature. 
[0096] In the depth, column and row decoders 54, 56 
and 58 shown in Figures 13 to 15, because the multi- 
plexers Ml to M1 5 are used to generate the row, column 
and depth selection signals based on the complemen- 
tary signals from the input latch 32, there is a uniform 
propagation delay between the input latch and these se- 
lection signals, provided that the latch outputs are ap- 
propriately sized for their respective loads. 
[0097] Figure 16 presents a table showing the ROW, 
COL A, COL B, DEP A, and DEP B selection signals 
produced by the decoders 54, 56 and 58 of Figure 1 2 in 
response to different values of the input word D5-D0. 
Again, as is apparent from Figure 16, when the input- 
word value changes by 1 , the maximum number of se- 
lection signals that change is two. Whenever a change 
of 1 in the input-word value brings about a change in the 
depth selection signals DEP A and DEP B, none of the 
row selection signals ROW and none of the column se- 
lection signals COL A and COL B changes. Further- 
more, whenever a change of 1 in the input-word value 
brings about a change in the column selection signals 
COL A and COL B, none of the row selection signals 
changes and none of the DEP A and DEP B selection 
signals changes. Also, when a change of 1 in the input- 
word value brings about a change in one of the row se- 
lection signals, none of the COL A and COL B selection 



signals changes and none of the DEP A and DEP B se- 
lection signals changes. 

[0098] The thermometer coding technique used in the 
second embodiment is also highly efficient in terms of 
s the total number of selection signals required: only 15 
as compared with 21 in the first embodiment. In addition, 
since the COL A and COL B signals undergo respective 
complementary changes, as do the selection signals 
DEP A and DEP B, the net noise level imposed on the 
10 power supply is equivalent to just three selection signals 
(the number of row selection signals). The maximum 
number of series-connected gates involved in the de- 
coding process is only three in the second embodiment, 
contributing to high-speed operation. 
15 [0099] In the second embodiment, it is possible to pro- 
duce just one set of "smoothed" column selection sig- 
nals (e.g. COL A) and one set of "smoothed" depth se- 
lection signals (e.g. DEP A) instead of two sets. In this 
case, the local decoders 46 (Figure 11) in different cells 
20 must have different logic according to whether they are 
in odd or even columns and whether they are in odd or 
even rows. The noise-cancellation advantage of using 
two sets of selection signals for the column and depth 
directions is lost in this case, but the number of signals 
25 requiring distribution is reduced to just nine. The order 
of the cells in the cubic array may be reversed in some 
columns or rows in this case, for reasons analogous to 
those given in relation to the first embodiment. 
[0100] Alternatively, it is possible to use just one set 
30 of column selection signals and one set of depth selec- 
tion signals and to have these sets coded according to 
the normal (Figure 2) thermometer coding technique, i. 
e. coded as the row selection signals are coded in the 
second embodiment. 
55 [0101] It will be appreciated that it is not necessary for 
the cells in the second embodiment to be arranged 
physically in three dimensions. Only a logical arrange- 
ment is required. For example, the different layers in Fig- 
ure 1 0 could be arranged side-by-side as square arrays 
40 on a common substrate. Alternatively, the cells 0 to 15 
of the four row O's could be arranged as one square ar- 
ray, the cells 16 to 31 of the four row 1's could be ar- 
ranged as a "row-1 " array by the side of the "row-0" array 
on a common substrate, and so on. Respective "col- 
45 umn-0", "column-1 " etc. square arrays of 16 cells could 
also be arrayed side by side on a common substrate. 
The square arrays themselves could be subdivided in 
turn into lines or blocks. 

[0102] In the first embodiment it is not necessary that 
50 the number of rows be equal to the number of columns. 
Similarly, in the second embodiment, the dimensions in 
the row, column and depth directions can be mutually- 
different. 

[0103] It is also possible for the coding technique em- 
55 bodying the present invention to produce selection sig- 
nals having more than three "dimensions" (i.e. one or 
more further dimensions in addition to the row, column 
and depth directions of the second embodiment). 
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[0104] Although thermometer coding techniques 
have been described above in particular relation to 
DACs, it will be understood that these techniques can 
be applied usefully in any type of circuitry in which there 
are a plurality of similarly-constituted circuit elements 
(cells) that must be activated in a sequential manner to 
perform respective predetermined operations. For ex- 
ample, the coding techniques can be applied in mixers 
and in programmable current generators. 

Claims 

1. Coding circuitry, for producing a set of thermome- 
ter-coded output signals (COL A) in dependence 

upon a binary input signal (D2-D0), wherein, as the 
input signal increases progressively in value from a 
first value (0) to a second value (8), the output sig- 
nals of the set are activated in a predetermined se- 
quence (AO, A1 , A2, ...) and, as the input signal in- 
creases progressively in value from the said second 
value to a third value (15), the output signals of the 
set are deactivated in a predetermined sequence 
(A6, A5, A4, ...), the predetermined activation and 
deactivation sequences for the output signals being 
such that the first output signal (AO) to be activated 
in the activation sequence is the last output signal 
to be deactivated in the deactivation sequence. 

2. Coding circuitry as claimed in claim 1, wherein 
when the input-signal value changes from any value 
to the next-highest value or to the next-lowest value, 
at most one of the output signals of the set (COL A) 
is activated or deactivated. 

3. Coding circuitry as claimed in claim 1 or 2., wherein, 
when the input signal decreases in value from the 
said second value (8) to the next-lowest value (7), 
none of the output signals of the set (COL A) is 

changed. 

4. Coding circuitry, for producing respective first and 
second sets (COL A, COL B) of thermometer-coded 
output signals in dependence upon a binary input 
signal (D2-D0), wherein, as the input signal increas- 
es progressively in value from a first value (0) to a 
second value (8), the first-set output signals (AO-6) 
are activated in a predetermined sequence (AO, A1 , 
A2, ...)andthe second-set output signals (BO-6) are 
deactivated in a predetermined sequence (86, B5, 
B4, ...), and, as the input signal increases progres- 
sively in value from the said second value (8) to a 
third value (15), the first-set output signals (AO-6) 
are deactivated in a predetermined sequence (A6, 
A5, A4, ...) and the second-set output signals (BO-6) 
are activated in a predetermined sequence (BO, B1 , 
B2, ...). 



5. Coding circuitry as claimed in claim 4, wherein, 
when the input-signal value changes from any value 
to the next-highest value or the next-lowest value, 
at most only one first-set output signal (AO-6) is ac- 

5 tivated or deactivated and at most only one second- 
set output signal (BO-6) is activated or deactivated. 

6. Coding circuitry as claimed in claim 4 or 5, wherein, 
when the input signal decreases from the said sec- 

^0 ond value (8) to the next-lowest value (7), none of 
the first-set output signals (AO-6) is changed and 
none of the second-set output signals (BO-6) is 
changed. 



^5 7. Coding circuitry as claimed in claim 4, 5 or 6, where- 
in when the input signal changes from one value to 
another value the number of output signals that are 
deactivated in one of the first and second output- 
signal sets (e g. COL A) is equal to the number of 

20 output signals that are activated in the other of the 
first and second output-signal sets (COL B). 

8. Cell array circuitry including: 

25 a plurality of cells (CLij) arrayed logically in 

rows and columns, each cell of the array having 
local decoder means (26) connected for receiv- 
ing a row selection signal (r^) corresponding to 
its row and a column selection signal (c^) cor- 

30 responding to its column, and operable, in de- 

pendence upon the received row and column 
selection signals, to produce a control signal 
(T) for use in controlling a predetermined oper- 
ation of the cell; 

55 a row decoder (36) for producing the said row 

selection signals corresponding respectively to 
the said rows; and 

a column decoder (34) including coding circuit- 
ry, for producing a set (COL A) of thermometer- 
40 coded output signals in dependence upon a bi- 
nary input signal (D5-D0), wherein, as the input 
signal increases progressively in value from a 
first value (0) to a second value (8), the output 
signals of the set are activated in a predeter- 
45 mined sequence (AO, A1, A2, ...) and, as the 
input signal increases progressively in value 
from the said second value (8) to a third value 
(15), the output signals of the set are deactivat- 
ed (A6, A5; A4, ...) in a predetermined se- 
50 quence, the said column selection signals cor- 
responding respectively to the said columns 
being provided by the said output signals of the 
coding circuitry. 

55 9. Cell array circuitry including: 

a plurality of cells (CLij) arrayed logically in 
rows and columns, each cell of the array having 
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local decoder means (26) connected for receiv- 
ing a row selection signal (r^) corresponding to 
its row and a column selection signal (c^) cor- 
responding to its column, and operable, in de- 
pendence upon the received row and column 
selection signals, to produce a control signal 
(T) for use in controlling a predetermined oper- 
ation of the cell; 

a row decoder (36) for producing the said row 
selection signals corresponding respectively to 

the said rows; and 

a column decoder (34), comprising coding cir- 
cuitry as claimed in any one of claims 1 to 7, 
the said column selection signals correspond- 
ing respectively to the said columns being pro- 
vided by the said output signals of the coding 
circuitry. 

10. Cell array circuitry as claimed in claim 8 or 9, where- 
in the said row selection signals (ROW 0-6) are 

11. Cell array circuitry as claimed in claim 8, 9, or 10, 
wherein each cell is also connected for receivingthe 
row selection signal (rn^-,) corresponding to the next 
row of the array. 

12. Cell array circuitry as claimed in claim 8, or as 
claimed in one of claims 9 to 11 when the said col- 
umn decoder of claim 9 comprises coding circuitry 
as claimed in any one of claims 1 to 3, wherein the 
output signals of the said set constitute respectively 
the said column selection signals. 

13. Cell array circuitry as claimed in claim 12, wherein: 

the array of cells (Fig. 4) has alternate first and 
second rows (ROW 0, 2, 4, 6; ROW 1 , 3, 5, 7); 
the local decoder means (26) in each first-row 
cell is operable to produce its said control signal 
(T) when the said row selection signal (r^) cor- 
responding to the cell's row and the said col- 
umn selection signal (c^) corresponding to the 
cell's column are both activated or when the 
said row selection signal (rp^-,) corresponding 
to the next row is activated; and 
the local decoder means (26) in each second- 
row cell is operable to produce its said control 
signal (T) when the said row selection signal 
(r^,) corresponding to the cell's row is activated 
and the said column selection signal (c^) corre- 
sponding to the cell's column is deactivated or 
when the said row selection signal (r^^-i) corre- 
sponding to the next row is activated. 

14. Cell array circuitry as claimed in claim 9, 10 or 11, 
wherein: 

the said column decoder comprises coding cir- 



cuitry as claimed in any one of claims 4 to 7; 
each column (e.g. COLUMN 2 in Fig. 4) has re- 
spective first and second column selection sig- 
nals (COL A1, COL B1) corresponding to the 
column concerned, the first column selection 
signals corresponding to the different columns 
being provided respectively by the first-set out- 
put signals (COL A) of the coding circuitry and 
the second column selection signals corre- 
sponding to the different columns being provid- 
ed respectively by the second-set output sig- 
nals (COL B) of the coding circuitry; 
the cell array has alternate first and second 
rows (ROW 0, 2, 4 ,6; ROW 1, 3, 5, 7); and 
for each column of the array (e.g. COLUMN 2), 
the local decoder means (26) of first-row cells 
(CE LLS 2, 1 8, 34, 50) of the column concerned 
are connected to receive the said first column 
selection signal (COL A1 ) corresponding to the 
column concerned, and the local decoder 
means (26) of second-row cells (CELLS 10, 26, 
42, 58) of the column concerned are connected 
to receive the second column selection signal 
(COL 81) corresponding to the column con- 
cerned. 

15. Cell array circuitry as claimed in claim 14, wherein 
the said local decoder means (26) in each cell is 
operable to produce its said control signal (T) when 
the said row selection signal (r^) corresponding to 
the cell's row and the said column selection signal 
corresponding to the cell's column (c„) are both ac- 
tivated or when the said row selection signal corre- 
sponding to the next row (rn+-,) of the array is acti- 
vated. 

16. Cell array circuitry as claimed in any one of claims 
8 to 15, wherein the said row decoder (36) is con- 
nected for receiving a first portion (D5-D3) of a bi- 
nary input-word signal (D5-D0) applied to the cell 
array circuitry and produces the said row selection 
signals (ROW 0-6) in dependence upon the first 
portion, and the said column decoder (34) is con- 
nected for receiving a second portion (D2-D0) of 
that binary input-word signal (D5-D0), which portion 
(D2-D0) constitutes the said binary input signal of 
the said coding circuitry. 

1 7. A digital-to-analog converter including cell array cir- 
cuitry as claimed in any one of claims 8 to 16, 
wherein each of the said cells comprises a current 
source (2) or current sink and a switch circuit (4) 
having an input connected to the current source/ 
sink of the cell and also having respective first and 
second outputs (OUT^, OUTg), and operable selec- 
tively, in dependence upon the said control signal 
(T), to connect its said input to its said first output 
or to its said second output. 
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18. A digital-to-analog converter as claimed in claim 1 7, 
wherein the respective current sources/sinks (2) of 
the said cells source/sink identical currents (I). 

19. A digital-to-analog converter as claimed in claim 1 7 

or 18, wherein the respective first outputs (OUT^) 
of the cells are connected together to a first sum- 
ming path (A) of the converter and the respective 
second outputs (OUTb) of the cells are connected 
together to a second summing path (B) of the con- 
verter 

20. Coding circuitry, for producing thermometer-coded 
output signals in dependence upon binary input sig- 
nals, including: 

first coding means (58) connected for receiving 
a first binary input signal (D1 -DO) and operable 
to derive therefrom a first set of thermometer- 
coded output signals (DEP A); 
second coding means (56) connected for re- 
ceiving a second binary input signal (D3-D2) 
and operable to derive therefrom a second set 
of thermometer-coded output signals (COL A); 
and 

third coding means (54) connected for receiv- 
ing a third binary input signal (D5-D4) and op- 
erable to derive therefrom a third set of ther- 
mometer-coded output signals (ROW A). 

21. Coding circuitry as claimed In claim 20, wherein at 
least two of the said first, second and third binary 
input signals are derived from a common Input-word 
signal (D5-D0). 

22. Coding circuitry as claimed in claim 20, wherein all 
of the said first, second and third binary input sig- 
nals are derived from a common input-word signal 
(D5-D0). 

23. Coding circuitry as claimed In claim 22, wherein the 
said first, second and third binary input signals are 
derived from different respective portions of the said 
common input-word signal (D5-D0). 

24. Coding circuitry as claimed In any one of claims 20 
to 23, wherein the output-signal set (DEP A, COL 
A) derived by at least one (54, 56) of the said first, 
second and third coding means Is a smoothed out- 
put-signal set In which, as the received binary Input 
signal (D1-D0, D3-D2) increases progressively 
from a first value (0) to a second value (8), the out- 
put signals derived by the coding means concerned 
are activated In a predetermined sequence (AO, A1 , 
A2) and, as the received binary Input signal increas- 
es progressively in value from the said second val- 
ue (8) to a third value (15), the output signals are 
deactivated in a predetermined sequence (A2, A1 , 



AO). 

25. Coding circuitry as claimed In claim 24, wherein the 
or each coding means (54, 56) that derives such a 

s smoothed output-signal set (DEP A, COL A) is also 
operable to derive a further smoothed set (DEP B, 
COL B) of thermometer-coded output signals In de- 
pendence upon Its said received binary input signal 
(D1-D0, D3-D2) such that, as the received binary 

10 input signal increases progressively in value from 
the said first value (0) to the said second value (8), 
the output signals of the further smoothed set (DEP 
B, COL B) are deactivated In a predetermined se- 
quence (B2, B1 , BO) and, as the received binary In- 

15 put signal Increases progressively in value from the 
said second value (8) to the said third value (15), 
the output signals of the further smoothed set (DEP 
B, COL B) are activated in a predetermined se- 
quence (BO, B1, B2). 

20 

26. Cell array circuitry including: 

a plurality of cells (CELLS 0-63) arrayed logi- 
cally in respective first, second and third dimen- 

25 sions (ROW, COLUMN, DEPTH), each cell of 

the array having local decoder means (46) con- 
nected for receiving a first-dimension selection 
signal (r^) corresponding to its first-dimension 
position in the array and a second-dimension 

30 selection signal (c^,) corresponding to its sec- 

ond-dimension position In the array and a third- 
dimension selection signal (d^) corresponding 
to its third-dimension position in the array, and 
operable, in dependence upon the received se- 

35 lection signals, to produce a control signal (T) 

for use In controlling a predetermined operation 
of the cell; and 

coding circuitry (54, 56, 58) as claimed in any 

one claims 20 to 25, the said first-dimension, 
40 second-dimension and third-dimension selec- 

tion signals being provided by the said first, 
second and third output-signal sets (ROW 0-2, 
COL AO-2, DEP AO-2) respectively. 

45 27. Cell array circuitry as claimed in claim 26, wherein 
each cell is also connected for receiving the first- 
dimension selection signal (rp^.-,) corresponding to 
the next first-dimension position of the array and the 
second-dimension selection signal (Cr,+i) corre- 

50 sponding to the next second-dimension position of 
the array. 

28. Cell array circuitry as claimed in claim 26 or 27, in- 
cluding coding circuitry as claimed in claim 25 In 
55 which the said third coding means (54) are operable 
to produce two such smoothed output-signal sets 
(DEP A, DEP B) serving to provide, for each third- 
dimension position (e.g. DEPTH 1), a first third-di- 
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mension selection signal (DEP AO) corresponding 
to that position and a second third-dimension selec- 
tion signal (DEP BO) corresponding to that position; 

the cell array having alternate first and second 
second-dimension positions (COLUMN 0, 2; 
COLUMN 1, 3); and 

for each third-dimension position (e.g. DEPTH 
1 ), the local decoder means of cells (CELLS 1 , 
17, 33, 49, 9, 25, 41, 57) at the first second- 
dimension positions (COLUMN 0, 2) are con- 
nected to receive the said first third-dimension 
selection signal (DEP AO) corresponding to the 
third-dimension position concerned, and the lo- 
cal decoder means of cells (CELLS 5, 21, 37, 
53, 1 3, 29, 45, 61 ) at the second second-dimen- 
sion positions (COLUMN 1, 3) are connected 
to receive the said second third-dimension se- 
lection signal (DEP BO) corresponding to the 
third-dimension position concerned. 

29. Cell array circuitry as claimed in claim 26 or 27, in- 
cluding coding circuitry as claimed in claim 25 in 
which the said second coding means (56) are op- 
erable to produce two such smoothed output-signal 
sets (COL A, COL B) serving to provide, for each 
second-dimension position (e.g. COLUMN 1), a first 
second-dimension selection signal (COL AO) corre- 
sponding to that position and a second second-di- 
mension selection signal (COL BO) corresponding 
to that position; 

the cell array having alternate first and second 
first-dimension positions (ROW 0, 2; ROW 1, 

3); and 

for each second-dimension position (e.g. COL- 
UMN 1), the local decoder means of cells 
(CELLS 4-7, 36-39, 12-15, 44-47) at the first 
first-dimension positions (ROW 0, 2) are con- 
nected to receive the said first second-dimen- 
sion selection signal (COL AO) corresponding 
to the second-dimension position concerned, 
and the local decoder means of cells (CELLS 
20-23, 52-55, 28-31 , 60-63) at the second first- 
dimension positions (ROW 1 , 3) are connected 
to receive the said second second-dimension 
selection signal (COL BO) corresponding to the 
second-dimension position concerned. 

30. Cell array circuitry as claimed in claim 28, including 
coding circuitry as claimed in claim 25 in which the 
said second coding means (56) are operable to pro- 
duce two such smoothed output-signal sets (COL 
A, COL B) serving to provide, for each second-di- 
mension position (e.g. COLUMN 1), a first second- 
dimension selection signal (COL AO) corresponding 
to that position and a second second-dimension se- 
lection signal (COL BO) corresponding to that posi- 



tion; 

the cell array having alternate first and second 
first-dimension positions (ROW 0, 2; ROW 1 , 
3); and 

for each second-dimension position (e.g. COL- 
UMN 1), the local decoder means of cells 
(CELLS 4-7, 36-39, 12-15, 44-47) at the first 
first -dim ens ion positions (ROW 0, 2) are con- 
nected to receive the said first second-dimen- 
sion selection signal (COL AO) corresponding 
to the second-dimension position concerned, 
and the local decoder means cells (CELLS 
20-23, 52-55, 28-31 , 60-63) at the second first- 
dimension positions (ROW 1 , 3) are connected 
to receive the said second second-dimension 
selection signal (COL BO) corresponding to the 
second-dimension position concerned. 

31 . A digital-to-analog converter including cell array cir- 
cuitry as claimed in any one of claims 26 to 30, 
wherein each of the said cells comprises a current 
source (2) or current sink and a switch circuit (4) 
having an input connected to the current source/ 
sink of the cell and also having respective first and 
second outputs (OUT^^, OUTg), and operable selec- 
tively, in dependence upon the said control signal 
(T), to connect its said input to its said first output 
or to its said second output. 

32. A digital-to-analog converter as claimed in claim 31 , 
wherein the respective current sources/sinks (2) of 
the said cells source/sink identical currents (I). 

33. A digital-to-analog converter as claimed in claim 31 

or 32, wherein the respective first outputs (OUT^) 
of the cells are connected together to a first sum- 
ming path (A) of the converter and the respective 
second outputs (OUTg) of the cells are connected 
together to a second summing path (B) of the con- 
verter. 
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